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EXAMINER'S AMENDMENT 

Examiner's Amendment 

1 . An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1 .312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Patrick Garret on 17 February 2006. 

1 . (currently amended) A method for precise feedback data generation and 
updating during compile-time optimizations, within an optimizing compiler, comprising: 

(a) accessing a first intermediate representation of source code of a 
computer program, wherein said first intermediate representation includes instructions 
instrumented into the source code of said computer program; 

(b) annotating said first intermediate representation with previously- 
gathered frequency data from a plurality of sample executions of said computer 
program; 

(c) updat i ng sa i d frequency data to ma i nta i n accuracy of sa i d fr e quency 
d a ta dur i ng compi l ation i n a d i r e ction of i ncr e as i ng e xactness; 
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(d) (c) performing an optimization of said first intermediate representation 
annotated with said frequency data updated i n stop (o) , thereby producing a 
transformed intermediate representation; and 

(d) updating said frequency data to maintain accuracy of said frequency 
data during compilation in a direction of increasing exactness of frequency data based 
on the transformed intermediate representation caused by the optimization: and 

(e) repeating steps (c) and (d) at least once during the same compilation 

pass. 

2. (currently amended) The method of claim 1, wherein step (4) (c) 
comprises the step of performing at least one of the following optimizations: 

(i) dead code elimination; 

(ii) dead store elimination; 

(iii) branch elimination; and 

(iv) code transformation. 

3. (original) The method of claim 1, wherein said first intermediate 
representation is a tree corresponding to a procedure within the source code of said 
computer program. 

4. (previously presented) The method of claim 3, wherein step (b), 
comprises the steps of: 
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(i) constructing a control flow graph from said tree; and 

(ii) annotating a frequency value to an edge of said control flow graph, 
wherein said frequency value corresponds to the number of times that said edge was 
traversed during said plurality of sample executions of said computer program. 

5. {previously presented) The method of claim 4, wherein said frequency 
value annotated to said edge of said control flow graph is one of the following: 

(a) EXACT; 

(b) GUESS; 

(c) UNKNOWN; 

(d) UNINIT; and 

(e) ERROR. 

6. (currently amended) A computer program product comprising a computer 
usable medium having computer readable program code means embodied in said 
medium for causing an application program to execute on a computer that performs 
precise feedback data generation and updating during compile-time optimizations, 
within an optimizing compiler, said computer readable program code means comprising: 

first computer readable program code means for causing the computer to 
access a first intermediate representation of source code of a computer program, 
wherein said first intermediate representation includes instructions instrumented into the 
source code of said computer program; 
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second computer readable program code means for causing the computer 
to annotate said first intermediate representation with previously-gathered frequency 
data from a plurality of sample executions of said computer program; 

third computor roadab l o program codo moans for caus i ng tho computor to 
updat e said frequ e ncy data to ma i nta i n accuracy of sa i d fr e qu e ncy data during 
comp il at i on in a d i r e ct i on of i ncr e asing e xactn e ss; 

fourth third computer readable program code means for causing the 
computer to perform an optimization of said first intermediate representation annotated 
with said frequency data updated by said third computor roadablo program codo moans , 
thereby producing a transformed intermediate representation; an4 

fourth computer readable program code means for causing the computer 
to update said freguencv data to maintain accuracy of said frequency data during 
compilation in a direction of increasing exactness of frequency data based on the 
transformed intermediate representation caused by the optimization: and 

fifth computer readable program code means for causing the computer to 
re-execute said third and fourth computer readable program code means at least once 
during the same compilation pass. 

7. (original) The computer program product of claim 6, wherein said first 
intermediate representation is a tree corresponding to a procedure within the source 
code of said computer program. 
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8. (original) The computer program product of claim 7, wherein said second 
computer readable program code means comprises: 

sixth computer readable program code means for causing the computer to 
construct a control flow graph from said tree; and 

seventh computer readable program code means for causing the 
computer to annotate a frequency value to an edge of said control flow graph, wherein 
said frequency value corresponds to the number of times that said edge was traversed 
during said plurality of sample executions of said computer program. 

9. (currently amended) A method for compile-time optimization comprising: 

(a) accessing a first intermediate representation of source code of a 
computer program, wherein the first intermediate representation includes instructions 
instrumented into the source code; 

(b) annotating the first intermediate representation with previously- 
gathered global and local frequency data from a plurality of sample executions of the 
computer program; 

(g) updat i ng the g l oba l and loca l fr e quoncy data to ma i ntain accuracy 

of said froquoncy data dur i ng comp i lation i n a d i roction of i ncroasing exactness; 

{d)(c) performing an optimization of the first intermediate representation 
annotated with the global and local frequency data updat e d i n st e p (c) to produce a 
transformed intermediate representation; and 
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(d) updating said local frequency data to maintain accuracy of said 
local frequency data during compilation in a direction of increasing exactness of local 
frequency data based on the transformed intermediate representation caused by the 
optimization: and 

(e) repeating steps (c) and (d) at least once during the same 
compilation pass. 

10. (currently amended) The method of claim 9, wherein step {4) (c) 
comprises the step of performing at least one of the following optimizations: 

(i) dead code elimination; 

(ii) dead store elimination; 

(iii) branch elimination; and 

(iv) code transformation. 

11. (previously presented) The method of claim 9, wherein the first 
intermediate representation is a tree corresponding to a procedure within the source 
code. 

12. (previously presented) The method of claim 11, wherein step (b) 
comprises the steps of: 

(i) constructing a control flow graph from the tree; and 
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(ii) annotating a global or local frequency value of the global and local 
frequency data to an edge of the control flow graph, wherein the global or local 
frequency value corresponds to the number of times that the edge was traversed during 
the plurality of sample executions of the computer program. 

13. {previously presented) The method of claim 12, wherein the global and 
local frequency value annotated to the edge of the control flow graph is one of the 
following: 

(a) EXACT; 

(b) GUESS; 

(c) UNKNOWN; 

(d) UNINIT; and 

(e) ERROR. 

14. {currently amended) A method for compile-time optimization comprising: 

(a) accessing a first intermediate representation of source code of a 
computer program, wherein the first intermediate representation includes instructions 
instrumented into the source code; 

(b) annotating the first intermediate representation with previously- 
gathered frequency data from a plurality of sample executions of the computer program; 
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(g) updat i ng tho frequency data to ma i ntain accuracy of sa i d frequ e ncy 

data i n a d i r e ct i on of i ncr e as i ng e xactn e ss at mu l tip l e po i nts dur i ng a comp il at i on 
proc e ss; 

(4)(c) performing an optimization of the first intermediate representation 
annotated with the frequency data updat e d i n stop (c) to produce a transformed 
intermediate representation; af*4 

(d) updating said frequency data to maintain accuracy of said frequency 
data during compilation in a direction of increasing exactness of frequency data based 
on the transformed intermediate representation caused by the optimization: and 

(e) repeating steps (c) and (d) at least once during the same 
compilation pass. 

15. (currently amended) The method of claim 14, wherein step (d) (c] 
comprises the step of performing at least one of the following optimizations: 

(i) dead code elimination; 

(ii) dead store elimination; 

(iii) branch elimination; and 

(iv) code transformation. 

16. (previously presented) The method of claim 14, wherein the first 
intermediate representation is a tree corresponding to a procedure within the source 
code. 
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17. {previously presented) The method of claim 16, wherein step (b) 
comprises the steps of: 

(i) constructing a control flow graph from the tree; and 

(ii) annotating a global or local frequency value of the global and local 
frequency data to an edge of the control flow graph, wherein the global or local 
frequency value corresponds to the number of times that the edge was traversed during 
the plurality of sample executions of the computer program. 

1 8. {previously presented) The method of claim 1 7, wherein the global or local 
frequency value annotated to the edge of the control flow graph is one of the following: 

(a) EXACT; 

(b) GUESS; 

(c) UNKNOWN; 

(d) UNINIT; and 

(e) ERROR. 

1 9. {previously presented) The method of claim 17, wherein the global or local 
frequency value annotated to the edge of the control flow graph is one of the following: 

(a) GUESS; and 

(b) UNKNOWN. 
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20. (currently amended) A method for compile-time optimization comprising 
the steps of: 

(a) accessing a first intermediate representation of source code of a 
computer program, wherein the first intermediate representation includes instructions 
instrumented into the source code; 

(b) annotating the first intermediate representation with previously- 
gathered estimated frequency data from a plurality of sample executions of the 
computer program; 

(g) updating tho estimated froquoncy data to ma i nta i n accuracy of sa i d 

fr e quency data dur i ng compilation in a direct i on of increas i ng exactness; 

(4) (c) performing an optimization of the first intermediate representation 
annotated with the estimated frequency data updated in stop (c) to produce a 
transformed intermediate representation; and 

(d) updating said estimated frequency data to maintain accuracy of said 
estimated frequency data during compilation in a direction of increasing exactness of 
freguencv data based on the transformed intermediate representation caused by the 
optimization: and 

(e) repeating steps (c) and (d) at least once during the same 
compilation pass. 

21. (previously presented) The method of claim 1, wherein said frequency 
data comprises both inexact and exact values. 
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22. (currently amended) The method of claim 1, wherein step {e) (d) updates 
said frequency data from GUESS to EXACT values. 

23. (currently amended) The method of claim 1 , wherein step (e) (d) updates 
said frequency data from UNKNOWN to GUESS values. 

24. (currently amended) The method of claim 1 , wherein step (g) (d) updates 
said frequency data from UNINIT to GUESS values. 

25. (previously presented) The method of claim 1, wherein said 
optimization is performed in a direction of decreasing exactness. 

26. (previously presented) The method of claim 1, wherein said 
optimization is performed locally, and the updating is performed globally. 

27. (previously presented) The product of claim 6, wherein said frequency 
data comprises both inexact and exact values. 

28. (currently amended) The product of claim 6, wherein said tJwd fourth 
computer readable program code means includes: 
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computer readable program code means for causing the computer to 
update said frequency data from GUESS to EXACT values. 

29. {currently amended) The product of claim 6, wherein said ttwd fourth 
computer readable program code means includes: 

computer readable program code means for causing the computer to 
update said frequency data from UNKNOWN to GUESS values. 

30. (currently amended) The product of claim 6, wherein said tlwd fourth 
computer readable program code means includes: 

computer readable program code means for causing the computer to 
update said frequency data from UNINIT to GUESS values. 

31. {previously presented) The product of claim 6, wherein said 
optimization is performed in a direction of decreasing exactness. 

32. (previously presented) The product of claim 6, wherein said 
optimization is performed locally, and the updating is performed globally. 

33. (previously presented) The method of claim 9, wherein said frequency 
data comprises both inexact and exact values. 
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34. (currently amended) The method of claim 9, wherein step (g) (dj updates 
said frequency data from GUESS to EXACT values. 

35. (currently amended) The method of claim 9, wherein step {&) £d) updates 
said frequency data from UNKNOWN to GUESS values. 

36. (currently amended) The method of claim 9, wherein step (e) (d) updates 
said frequency data from UNINIT to GUESS values. 

37. (previously presented) The method of claim 14, wherein said frequency 
data comprises both inexact and exact values. 

38. (previously presented) The method of claim 9, wherein said optimization 
is performed in a direction of decreasing exactness. 

39. (previously presented) The method of claim 9, wherein said 
optimization is performed locally, and the updating is performed globally. 

40. (currently amended) The method of claim 14, wherein step {©) £d) 
updates said frequency data from GUESS to EXACT values. 
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41. (currently amended) The method of claim 14, wherein step (g) (d) 
updates said frequency data from UNKNOWN to GUESS values. 

42. (currently amended) The method of claim 14, wherein step (g) (d) updates 
said frequency data from UNINIT to GUESS values. 

43. (previously presented) The method of claim 14, wherein said 
optimization is performed in a direction of decreasing exactness. 

44. (previously presented) The method of claim 14, wherein said 
optimization is performed locally, and the updating is performed globally. 

45. (previously presented) A method for precise feedback data generation 
and updating during compile-time optimizations, within an optimizing compiler, 
comprising: 

(a) accessing an intermediate representation of source code of a 
computer program, wherein the intermediate representation includes instructions 
instrumented into the source code; 

(b) annotating the intermediate representation with frequency data 
from a plurality of executions of the computer program; 

(c) performing an optimization to produce a transformed intermediate 
representation; 
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(d) re-annotating the transformed intermediate representation, wherein 
step (d) comprises: 

(i) constructing a control flow graph, wherein said control flow 
graph includes a plurality of nodes representing portions of the transformed 
intermediate representation, wherein said control flow graph further includes a plurality 
of edges, each edge representing a relationship between one of the nodes to another 
node; 

(ii) applying available frequency data to an edge to set an 
incoming edge frequency or an outgoing edge frequency for a node; 

(iii) propagating a known edge frequency to set an unknown 
edge frequency for a node; and 

(iv) re-annotating the transformed intermediate representation 
with the edge frequencies from the control flow graph; and 

(v) repeating steps (c) and (d), at least once during the same 
compilation pass, wherein step (c) includes performing an optimization of the re- 
annotated transformed intermediate representation from step (d) to produce a 
transformed intermediate representation for re-annotating at a subsequent execution of 
step (d). 

46. {previously presented) The method of claim 45, wherein step (d)(iii) 
comprises: 



Application/Control Number: 09/560,555 Page 17 

Art Unit: 2193 

(a) setting an unknown edge frequency for an outgoing edge to a 
difference between a sum of all known incoming edge frequencies and a sum of all 
known outgoing edge frequencies when all incoming edge frequencies are known and 
all but one of the outgoing edge frequencies are known; 

(b) setting an unknown edge frequency for an incoming edge to a 
difference between a sum of all known outgoing edge frequencies and a sum of all 
known incoming edge frequencies when all outgoing edge frequencies are known and 
all but one of the incoming edge frequencies are known; 

(c) setting an unknown edge frequency for an outgoing edge to zero 
when all incoming edge frequencies are exact values and the sum of all incoming edge 
frequencies equals the sum of all outgoing edge frequencies; and 

(d) setting an unknown edge frequency for an incoming edge to zero 
when all outgoing edge frequencies are exact values and the sum of all outgoing edge 
frequencies equals the sum of all incoming frequencies. 

47. (previously presented) The method of claim 45, wherein step (d)(iii) 
comprises: 

denoting a node as being a non-exception node when the total incoming 
edge frequency and the total outgoing edge frequency for the node are required to be 
equal. 
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48. (previously presented) The method of claim 47, wherein step (d)(iii) is only 
executed on the non-exception node. 

49. {previously presented) A method for precise feedback data generation 
and updating during compile-time optimizations, within an optimizing compiler, 
comprising: 

(a) accessing an intermediate representation of source code of a 
computer program, wherein the intermediate representation includes instructions 
instrumented into the source code; 

(b) annotating the intermediate representation with frequency data 
from a plurality of executions of the computer program; 

(c) performing an optimization to produce a transformed intermediate 
representation; 

(d) re-annotating and verifying the re-annotation of the transformed 
intermediate representation; and 

(e) repeating steps (c) and (d), at least once during the same 
compilation pass, wherein step (c) includes performing an optimization of the re- 
annotated transformed intermediate representation from step (d) to produce a 
transformed intermediate representation for re-annotating at a subsequent execution of 
step (d). 
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50. (previously presented) The method of claim 49, wherein step (d) 
comprises: 

evaluating a portion of the transformed intermediate representation to 
classify a corresponding frequency data annotation as being uninitialized or invalid. 

51. (previously presented) The method of claim 49, wherein step (d) 
comprises: 

evaluating a portion of the transformed intermediate representation to 
classify a corresponding frequency data annotation as being exact, estimated, or 
unknown. 

Reasons for Allowance 

Claims 1-51 are allowed. 

2. The following is an examiner's statement of reasons for allowance: the prior art 
of record fails to teach or suggest the claimed invention. Specifically, the prior art of 
record fails to teach or suggest annotating an intermediate representation with 
frequency data, optimizing said representation producing a transformed intermediate 
representation, then updating said frequency data increasing exactness based on the 
transformed intermediate representation and repeating optimizing and updating at least 
once during the same compilation pass, as recited in the independent claims. 
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The prior art of record, Bortnikov et al. (USPN 6,209,004) and Goebel (USPN 
6,139,200), disclosed profile base optimization techniques. However, the cited 
references failed to disclose the independent claims as recited. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany 
the issue fee. Such submissions should be clearly labeled "Comments on Statement of 
Reasons for Allowance." 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
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